Abstract
Introduction
All graphs we deal with are undirected, finite and simple. Let H be any regular graph, and let ( ) E G -regular. This concept is a generalization of the definitions of an ODC of complete graphs and complete bipartite graphs, which has been studied extensively [1] - [2] . El-Shanawny et al. studied extensively the ODC of complete bipartite graphs; see [3] - [6] . An effective method to construct ODCs in the above cases was based on the idea of translate a given subgraph G by a group acting on ( ).
V H If the cyclic group of order ( )
V H is a subgroup of the automorphism group of  (the set of all automorphisms of  ), then an ODC  of H is cyclic (CODC). Therefore, the circulant graph is of special interest. In [7] , Scapellato et al. offers some insights on the case on ODC of Cayley graphs on cyclic groups. In [8] , Hartmann and Schumacher proved the following: 1) Let H be a 2-regular graph. There exists an ODC of H by 2 2K with three exceptions for H : 3 4 , C C and 3 2C , 2) Let H be a 3-regular graph containing a 1-factor and without a component isomorphic to 4 K . There exists an ODC of H by 4 P , 3) Let H be a 3-regular graph containing a 1-factor and ( ) 24 V H ≥ . There exists an ODC of H by 3 
2

P K
+ . In [9] , Sampathkumar et al. introduced a special kind of orthogonal labelling called orthogonal σ-labelling, and they found it for some caterpillars of diameters 4. In [7] , Scapellato et al. studied the ODC of Cayley graphs and proved the following: 1) All 3-regular Cayley graphs, except 4 K , have ODCs by 4 P , 2) All 3-regular Cayley graphs on Abelian groups, except 4 K , have ODCs by 3 2 P K + , 3) All 3-regular Cayley graphs on Abelian groups, except 4 K and the 3 -prism (Cartesian product of 3 C and 2 K ), have ODCs by The above results on ODCs of graphs with lower degrees motivate us to consider CODCs of graphs with higher degrees. In [11] , El-Shanawny et al. deal with cayley graphs on abelian groups and proved the existence of ODCs of cayley graphs by several classes of graphs. Here we are concerned with CODCs of circulant graphs of finite degrees higher than 4 . The paper is organized as follows, Section 1.1 describes the method that can be used throughout. Section-2 constructs CODCs of circulant graphs of finite degrees higher than 4 by certain graph classes. Section 3 offers the general CODCs of circulant graphs. 
CODC of Circulant Graphs
Consider the complete graph
The authors of [13] , , ,
is a sequence of positive integers with
Either n is odd or even and 2 :
, G contains exactly two edges of length l , and
, , , , , , .
, G contains exactly two edges of length l , and G contains exactly one edges of length ( ) 2 n , and
The following theorem of Sampathkumar and Simaringa [10] , is a generalization of Theorem 2.
Theorem 3 ([10]). A CODC of
{ } ( ) 1 2 ; , , , k Circ n d d d  by a
graph G exists, if and only if there exists an
orthogonal { } 1 2 , , , k d d d  -labelling of . G
CODCs of Circulant Graphs by Certain Graph Classes
This section is devoted to constructing the cyclic orthogonal double covers (CODCs) of circulant graphs by different classes of graphs, complete bipartite graph as in Section 2.1, the union of the co-cycles graph with a star, the center vertex of which, belongs to the co-cycles graph as in Section 2.2 and graphs that are connected by a one vertex as in Section 2.3.
CODCs by a Complete Bipartite Graph
Theorem 4. For any positive integers , , m n p such that 1 mp n = − , there exists a CODC of ( ) 
contains exactly two edges of length l , and
,
and hence , m p K has an orthogonal labelling. By Theorem 3, there exists a CODC Of ( )
Let us define a l mC to be the co-cycles graph (the union of m cycles of length l with a one vertex a in common). In the following section we construct a CODCs of finite regular circulant graphs by 1 , a a l r mC K  (the union of co-cycles graph with a star whose center vertex is the vertex a ). 
CODCs of Circulant Graph by
4 . orthogonal labelling. By Theorem 3, there exists a CODC of ( )
Theorem 8 For any positive integer
13, n ≥ there exists a CODC of ( )
Proof Let us define 1, 2, , 2 , 3
contains exactly two edges of length l , and since every two edges of the same length are adjacent then
has an orthogonal labelling. By Theorem 3, there exists a CODC of ( )
Theorem 9 For any positive integer
17, n ≥ there exists a CODC of ( )
Proof Let us define : 
